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INDUSTRIAL  HYGIENE  SPECIAL  STUDY  NO.  55-66-0216-81 
N-NITRaSODlMETHYLAMINE,  HYDRAZINE,  AND  1,  1-DIMETHYLHYDRA2INE 
EXPOSURES  AT  THE  HYDRAZINE  BLENDING  FACILITY 
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1.  AUTHORITY. 

a.  AR  AO-5,  Health  and  Enviromnent ,  25  S«pte«b«r  197A. 

b.  Letter,  HSE-ZX,  Rocky  Mountain  Araenal,  29  April  1980,  aubject: 

Request  fur  Technical  Aasiatance,  with  indoraenenta . 

2.  REFERENCES.  See  Appendix  A  fur  a  Hat  of  referencea. 

3.  ARRREVIATIONS.  See  Appendix  R  for  a  liat  of  abbreviationa. 

A,  PURPOSE.  Tu  deteraine  expoaure  leveia  to  N-Nitroaodiaethylaaine  (NOMA), 
Mydraaine,  and  1,  l-Oinethylhydrasine  (UDHH)  during  varioua  job  uparationa  and 
*ind  conditions  at  the  Rocky  Mountain  Arsenal  (RMA)  Hydrasine  Facility. 

5.  BACKGROUND. 

a.  UDMH  upon  exposure  to  air  may  be  converted  to  trace  a«ounts  of  the 
potentially  carcinugenic  compound  N-Nitrosodiaethyl amine  (NDHA).  UDMH  may 
also  contain  small  amounts  uf  NDMA  as  a  contaminant  (see  references  13  &  lA). 
References  2,  A,  and  5  found  NDMA  at  various  locations  during  transfer/ 
blending  operations  at  the  RMA  facility.  Current  law*  prohibits  any 
occupational  exposure  to  NDMA.  To  support  previous  recommendations  made  for 
the  use  of  positive  pressure,  air  supplied  or  self-contained  breathing  air 
(SCRA)  respirators  during  all  entries  into  the  facility  would  be  logiitically 
and  administratively  difficult.  RMA,  therefore,  requested  a  more  detailed 
study  be  performed  (reference  1)  to  equate  job  operations  and  wind  directions 
to  exposure  levels  in  order  to  determine  if  a  minimum  safe  distance  can  be 
established,  and  to  pinpoint  the  main  sources  of  exposures. 


♦See  paragraph  6E(2)(b)  on  page  3. 


Use  uf  trademarked  names  does  not  imply  endorsement 
by  the  US  Army,  but  is  intended  only  to  assist  in 
identification  of  a  specific  product. _ 


•  • 
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b.  References  6  a.nd  7  discuss  the  potential  for  artificial  formation  of 
Ni t rosoamines  both  in  Tenax*  sorbent  and  during  analytical  procedures  when 
artifacts  of  the  compound  are  present,  thus  potentially  indicating  a  false: 
high  exposure.  Also  discussed  is  the  low  break  through  volume  for  MDMA  on 
Tenax®  sorbent,  thus  potentially  indicating  a  false  low  exposure.  .Since 
previous  Air  Force  and  Army  studies  (references  2,4,&  5)  used  Tenax®  sorbent, 
the  scope  of  thi.s  study  was  expanded  to  include  comparative  sampling  using 
Tenax®  and  Thermosorb/N*  sorbents.  Thermosorb/N®  is  a  sorbent  which  inhibits 
the  artificial  formation  of  Nitrosoamine  compounds  and  has  good  retention  for 
NDMA. 


c.  In  addition  to  the  undersigned,  CPT  Steven  J.  Stone,  CPT  Kenneth  E. 
Hergenrader,  Mr.  Michael  J.  Richen,  of  this  Agency  and  Mr.  George  Podalak, 
L’SAEHA  contributed  in  conducting  this  study.  The  Army  Atmospheric  Science 
Laboratory  RMA  provided  all  wind  data.  Personnel  contacted  during  this  study 
ar-  !i?ted  in  Appendix  C. 

b.  '•TNDINC  AND  HISCUSSIOH. 

a.  The  Hydrazine  Facility.  The  hydrazine  facility  is  a  transfer/storage 

fa.-ilif  hydrazine  and  IIDMM  and  a  blend  ing/storage  facility  for  Aerozine 

50.  Hydrazine  is  loa<led  or  down  loaded  from  railroad  tank  cars,  tank  trucks, 
55  ?iI!oo  dr'trs ,  and  storage  tanks.  Four  separate  loading  stations  are 
involvfd  and  a  diagram  of  the  facility  can  be  found  on  page  IV-2. 

b.  Samnl ing  St  rategv.  To  determine  exposure  levels  six  fixed  sampling 
'>■■1  wiciiio  ine  fjcility  and  two  control  points  outside  the  facility  were 
.•ho!?;T,  To  .'hara  .'terize  exposures  at  the  various  transfer/blending 

ip  •-I',,  ■•■ii.H,  upwind,  and  downwind  samples  were  also  taken.  Sampl.ng 

po...:s  ofi:  listed  in  Appendix  0. 

t  id  of  to  1 1  ec  t  ion .  Samples  were  collected  on  sorheni  malerial'i 
US.  ri ,  .i.-,.,.  ."STTTt  ..Oil  MSA  noflel  C  s.ampling  pumps.  The  adsorption  media  f^r 
fiv  •  •  i  ^  wH.'i  400  wv  of  40/60  mesh  silica  gel  coated  with  concentrated 
sui.^'.jiic  acid.  ro;-  NOMA,  comparative  samples  were  taken  using  150  mg  of 
Ten.'x*'  aoriier.t  (the  type  of  lube  used  during  the  previous  Army  study, 
ref  fence  7.)  and  ctinsnerc  ia  1  1  y  prepared  Thermoaorb/N®  cartridges.  .Sampling 
rat  s  and  times  were  adjusted  (as  far  a#  practical)  to  obtain  optimum  sample 
vol  .if  ‘'  I.  .'.ir  .NOMA  and  bOL  for  the  hydrazines.  Pump  calihrationi  were 

ve  r  r  i  ed  u  1 .  1  y . 

0.1  >  ■  ■  ^  .Analysis.  Hvdrszine  samples  were  analyzed  by  NIOSH 

..  rt.  'T  i  c  .1 1  Analytical  Meth»>d  248  (see  reference  11).  TT.e 

ar  Lh.,-!  for  NDMA  consisted  of  desorption  of  samples  with  2  ml 

^  c  .•••  ■  rt  as  tr.  *  •rt  by  gas  chromatograph  equipped  with  a  dual  rtitrcg-* 

pi-  •  .  t-'  -.  "^e  peak  ident  i  f  ied  as  NDMA  during  the  araly  t.  ■  .  ' 

•" r  .  1  *■  erm j;orh/N®  cartridges  had  a  retention  tine  5.7  — .  ‘ 

.  :)•  '  M  column  and  was  .onfirmed  by  Oas  Chrixnotograph .  hr  f  s 
"r  (TC  .MS)  analysis  using  the  same  column. 
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I 

e .  Standards. 

(1)  Hydrazines 

(a)  ACGIH-TLV  1979ed,  Hydrazine  0.1  ppm,  UDMH  0.5  ppm 

(b)  NIOSH  Recommended  Standard,  Hydrazine  0.03  ppm,  tIDMH  0.06  ppm 

(c)  OSHA  Standard  29  CFR  1910.1000,  Hydrazine  1  ppm,  UDMH  0.5  ppm 

(2)  NDMA 


(a)  ACGIH-TLV  (reference  16)  "Because  of  extremely  high  toxicity  and 
presumed  carcinoge.iic  potential  of  N-Nitrotudin«thylamin«,  contact  ahould  not 
be  permitted  by  any  route." 

(b)  OSHA  Standard  2d  CFR  1910.1016,  currently  there  is  nu  established 
Permissible  Exposure  Limit  (PEL);  however  reference  14  indicates  there  is  some 
feeling  that  a  PEL  nay  he  established  in  the  order  of  1  ppb.  To  confimi  this, 
Mr.  Tipton,  OSHA  Standards  Division,  Washington,  DC,  point  of  contact  listed 
in  reference  15,  was  contacted.  His  office  has  no  information  concerning  the 
establishment  of  a  PEL.  Or.  David  West,  NIOSI!  Criteria  Document  .Section, 
Rockville,  MO,  was  also  contacted.  A  NIOSH  Intelligence  Bulletin  on 

N-Ni t rosod'imethvlani nes  will  be  published  in  the  near  future  but  will  not 
address  the  establishment  of  a  PEL.  Although  this  standard  applies  only  to 
mixttires  containing  raore  than  IT  NDMA  .ind  military  specification  MIL  P  25604 
limits  NDMA  contaminat ion  in  HOHH  to  O.OlX,  HDMH  can  spontaneously  oxidize 
into  NDMA  on  exposure  to  air.  Therefore,  NDMA  exposures  from  NDMA 
contaminat ion  in  UDMH  accounts  for  only  a  portion  of  the  workers  overall 
exposure  to  NDMA  and  the  less  than  IT  exclusion  is  inappropriate. 

f.  Comparative  Sampling  Tenax*  vs  Thermosorb/f^  Sorbents.  One  hundred 
and  forty  one  pair  of  comparat ive  samples  were  taken. Of  these,  forty  pair  of 
results  were  found  to  he,  and  were  reported  as,  less  than  0,17  ppb.  Of  the 
remaining  101  pair,  54  Tenax*  values  were  below  the  corresponding 
Thermoaorb/N*  values,  lenax*  values  ranged  from  2-275X  (average  34X)  of  the 
Thermosorb/N*  value.  Due  to  the  large  fluctuation  between  sample  pairs  a 
laboratory  efficiency  study  was  conducted.  A  150  mg  Tenax*  tube  waa  fortified 
with  100  ng  NDMA  and  connected  in  series  to  an  identical  unfortified  tube. 
Laboratory  air  was  pumped  through  both  tubes  at  1  Lpn  for  100  minutes.  The 
two  tubes  were  desorbed  and  analyzed  aa  previously  described.  The  fortified 
tube  (front  tube)  contained  38  ng  and  the  unfortified  tube  (backup  tube) 
contained  55  ng.  Ninety  three  percent  of  the  100  ng  was  recovered  from  the 
combination  of  both  tubes  of  which  only  4It  of  the  recovered  amount  was 
retained  on  the  fortified  front  tube.  The  same  procedure  waa  used  with  two 
Thermosorb/N*  cartridges.  A  recovery  of  96X  was  obtained  from  the  analysis  of 
the  fortified  cartridge  (front  cartridge).  The  unfortified  cartridge  yielded 
an  undetectable  concentration.  A  synthetic  sample  of  NDMA  was  then  generated 
in  the  laboratory  and  a  commercial  150  mg  Tenax*  tube  waa  used  to  collect  100 
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L  of  sample.  Of  the  theoretical  200  ng,  only  28^  was  recovered.  These 
results  confirm  reference  6's  finding  that  Tenax*  has  a  poor  retention  for- 
NDMA  and  that,  under  conditions  present  at  RMA,  NDMA  breakthrough  indicating  a 
false  low  exposure  was  far  more  dominant  than  artificial  formation  of  the 
compound.  Therefore,  values  reported  in  Appendix  E  are  those  obtained  from 
collection  on  Thermosorb/N^  cartridges  unless  otherwise  stated.  A  tabulated 
list  of  Tenax®  vs  Thermosorb/N*  values  are  listed  in  Appendix  F.  A  comparison 
of  the  Air  Force  collection  technique,  which  uses  Tenax®  tubes  containing  2.5  - 
3  grams  of  sorbent,  was  not  made. 

g.  Ambient  Levels.  Ambient  air  samples  were  collected  on  17  June  to 
determine  background  levels  at  the  hydrazine  facility  when  not  in  operation. 
Hydrazines  were  not  detected.  However,  NDMA  was  detected  in  the  mixer  area, 
drcm  storage  area,  and  tank  storage  area  indicating  that  leaks  must  exist  in 
the  A'.rsten.  Although  hydrazines  were  not  detected  in  the  sub-ppm  range  (the 
lev'e'  at  which  hydrazine  standards  are  established),  does  not  mean  that  they 
are  not  present  in  the  sub-pph  range  (the  level  at  vrtiich  NDMA  was  detected)., 

h .  Specific  Operations. 


Drum  Filling.  On  i8  June,  55  gallon  drums  were  filled  with 
hydrazine  and  IJDMH.  The  operation  required  two  workers;  one  to  position  the 
dr-.sr..-.  u.t;,  :i.e  forklift,  the  other  to  make  connections  and  do  the  filling. 

The  fv)rklift  operator  wore  an  Md  Cas  Mask,  tfhile  the  filler  »«re  a  SCRA 
reS|<  i.rai.i)r .  Die  forklift  was  not  approved  for  use  in  explosive  atmospheres. 

.  re-:--':  ^pagt  f.-2j  show  hydrazines  being  detected  around  the  filling 
tperw.ion  hut  show  no  increase  in  levels  throughout  the  rest  of  the  facility. 

•*  how,  -e--  Were  not  only  hich  around  the  oneratipn.  but  were 
• .  ar  ii.sner  than  ambient  conditions  in  the  sump  area,  mixer  area,  and 
tile  fi  '.ue  area  even  during  the  afternoon  hydrazine  filling  operation, 

ih  he'  .e-.-ed  to  be  due  to  the  residual  IlDdH  from  earlier  operations. 


•:  in  P<.  ns !  ng/Steam  Cleaning.  Seven  drums  were  also  cleaned  on  18 
ii:  T  <  1  111. I  C'lrisisted  of  one  employee  (in  a  .SCBA  respirator)  opening 

.  tu  r-ri.s  an'',  larti.illy  filling  them  with  water.  Three  other  employees 
r-n-’ratory  protection)  then  rolled  the  drums  on  their  sides  to 
ins.'  e  complr.e  rinsing  and  drained  them  onto  the  concret  slab.  The 
of‘..n  u.  ter  was  drained  through  a  floor  drain  to  the  holding  sump.  A 

spi  ;  i.-c'--  '  the  seven  drums  (using  a  Drager  indicator  tube)  indicated  that 

.1,  ’  i.ii-d  .1  .‘1  i  eni  f  icant  hydrazine  or  UDMH  residue  prior  to  the 

i.  01  .  After  rinsing,  tlie  drums  were  rolled  to  the  KW  corner  of 

■  lu  ,  .  (..amed.  Workers  did  not  wear  respiratory  protection  dori.ig 

k  'rsults  (page  E-3)  show  hydrazines  pose  no  direct  probleir. 

•  1-  '  1  e- e  !  ^  wer>-  high  enough  to  require  respiratory  nrotecfion  curirii 

‘o'  ^  .1  '  St  e.in  1  ng . 


-‘er.  Kailroad  Car  to/t-'n  Storage  Tanks.  These  operatior.j 
,  o  ■  we-s  to  make  and  breaw  connections  and  one  employee  t'O 
.:i'i-r  gauges  (all  three  wore  SCBA  respi  rstors) .  Hydrazir.e  was 


Ind  Hyj?  Special  Study  No.  55-66-0216-81,  N-Nitroaodimethylamine,  Hydrazine, 
and  1,  1-  Oimethylhydrazine  Exposures  at  the  Hydrazine  Blending  Facility, 

RMA,  Comnerce  City,  CO,  16-27  Jun  80 

transferred  on  19  June  and  Aerozine  50  on  20  and  23  June  (see  pages  E-4,  E-5, 

&  E-6).  In  general,  hydrazines  pose  no  problem  but  NDMA  levels  were  found  to 
be  higher  than  ambient  conditions  throughout  the  facility,  with  levels  being 
greater  during  Aerozine  50  transfer  as  would  be  expected. 

(4)  Transfer,  Tank  Truck  to/from  Storage  Tanks.  This  operation  also 
requires  two  workers  to  make  and  break  connections  and  one  to  monitor  the  flow 
gauges.  UDMH  was  transferred  on  20  and  24  June  (see  pages  E-5  6  E-7).  NDMA 
levels  were  found  to  be  higher  than  during  railroad  car  fran«f-|- 

This  could  either  be  due  to  pure  UDMH  being  transfered  (as  compared  to 
Aerozine  50  during  the  railroad  car  transfer  operation),  or  due  to  minor  leaks 
in  the  truck  transfer  system. 

(5)  Changing  of  the  UDMH  filter  on  the  morning  of  the  25  June  would 
partially,  but  not  totally,  account  for  the  high  NDMA  levels  found  that 
morning  (see  page  E-8  and  filter  cleaning  operation  24  June,  page  E-7). 
Residual  contaminated  water  in  the  drains,  on  the  concrete  slabs,  and  in  the 
sump,  in  addition  to  suspected  minor  leaks  in  the  system,  are  believed  to 
account  for  the  rest.  This  would  tend  to  indicate  that  NDMA  levels  higher 
than  ambient  are  present  a  day  following  transfer  operations. 

(6)  On  26  June,  UDMH  was  transferred  from  a  truck  to  a  railroad  car. 
However,  due  to  contamination  in  the  UDMH,  the  railroad  car  was  vented 
directly  to  atmosphere  in  an  attempt  to  install  a  shorter  siphoning  port. 

This  was  a  non-routine  operation.  High  NDMA  levels  were  found  throughout  the 
hydrazine  facility  even  at  the  7th  street  perimeter  fence. 

i .  Potential  Sources  of  Exposures  (Other  than  leaks  in  the  System  and 
making/breaking  of  connections). 


(1)  The  main  source  of  exposure  in  the  mixer  area  is  believed  to  be 
the  system  vent-scrubber.  Contaminated  air  from  the  system  is  passed  through 
a  water  scrubber  before  being  vented  to  atmosphere.  The  scrubber  water  is 
discharged  through  a  floor  drain  to  a  holding  sump.  Exposures  may  occur  from 
poor  scrubber  efficiency  and  from  the  air  gap  between  the  scrubber  and  floor 
drain. 

(2)  Even  though  the  sump  is  now  being  precharged  with  calcium 

hypochlorite  to  oxidize  the  hydrazines,  and  a  floating  plastic  cover  has  been 
added  to  reduce  exposed  surface  area,  "■■■"p  t*  '  Tprnr°  be  a  main 

cQurce  of  exposure.  The  capacity  of  the  pump  which  circulates  the  sump  water 
appears  to  be  inadequate  to  insure  rapid  complete  mixing. 

(3)  Although  the  bulk  of  the  contaminated  water  from  drum  rinsing  is 
removed  through  a  floor  drain,  the  remaining  standing  water  can  be  a 
significant  source  of  exposure  when  a  contaminated  drum  has  been  rinsed. 

(41  Tank  levels  must  be  checked  manually  with  a  dip  stick,  which 
releases  the  hydrazines  directly  to  air.  , 
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(5)  All  floor  drains  leading  to  the  sump  are  a  potential  source  of 
exposure  if  not  equipped  with  a  water  trap  or  if  the  water  level  ia  the  trap 
is  not  maintained. 

j.  Medical  Surveillance.  Hydrazine  Facility  workers  are  included  in  the 
RIIA  Medical  Surveillance  Program  and  are  receiving  proper  examinations. 

7.  CONCLUSION.  NDMA  levels  are  prevalent  throughout  the  hydrazine  facility. 
Due  to  fluctuating  wind  conditions,  apparent  multisources  of  exposure,  and 
lack  of  an  established  safe  exposure  limit  to  NDMA,  no  safe  distance  can  be 
established  within  t.he  facility  where  respiratory  protection  ia  not  required. 
Since  no  air  periling  respirator  has  been  tested  for  its  efficiency  and 
breakthrough  times  for  NDMA,  only  air  supplied  or  self  contained  breathing  air 
respirators  are  considered  adequate  (see  references  lA  &  15). 

8.  RECOMMENDATIONS. 

a.  The  following  recoitmendat ions  are  made  for  reducing  the  mniber  of 
sources  of  exposures  at  the  hydrazine  facility  until  recommendations  contained 
in  the  study  by  Sterns  and  Rogers,  for  a  total  upgrade  of  the  facility  can  be 
made; 


(1)  Throughly  inspect  all  pipes,  valves,  gauges,  and  fittings 
repairing  any  leaks  found. 

(2)  Preehlorinate  the  scrubber  water  to  improve  its  efficiency  by 
reducing  the  concentrations  of  hydrazines  and  NDflA  at  the  source.  This  would 
eliminate  the  need  for  a  larger  pump  for  circulating  the  water  in  the  sump. 
Prech 1  or i nat ed  water  could  also  be  used  for  rinsing  the  concrete  slab  after 
drum  rinsing  operations.  It  will  be  important  to  maintain  a  residual  chlorine 
concentration  to  ensure  complete  oxidation. 

(3)  Insure  that  all  floor  drains  leading  to  the  sump  have  water  traps 
and  that  water  levels  in  the  traps  are  maintained. 

(A)  Provide  a  separate  closed  drain  for  the  scrubber,  it  could  be 
attached  to  existing  plumbing  on  the  downstream  side  of  the  floor  drain  water 
trap. 


(5)  Provide  fluid  level  gauges  on  the  storage  tanks  to  eliminate  the 
nee.i  far  checking  tank  levels  with  dip  sticks. 

b.  In  the  interim,  until  the  facility  can  be  upgraded,  require  the  use  of 
ji.-  =  -id!  led  or  self  contained  respiratory  equipment  for  all  entries  into  the 
r%>-:i  ty  when  in  operation,  for  all  entries  within  2A  hours  after  an 
jpt-rarion,  and  for  all  personnel  performing  maintenance  on  the  system  (see 
£-,.5  ,  jp  14  j,  15). 
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c.  Should  non-routine  operationa  be  performed  where  the  hydrazinea  are 
vented  directly  to  air  (for  example  c'eaning  aCorage  tanka)  reatrict  entry 
into  the  area  100  yarda  beyond  the  current  perimeter. 

d.  The  Safety  Office  ahould  make  determinationa  aa  to  'rhether  the  fork 
lift  currently  being  uaed  ia  adequate  for  uae  in  an  area  where  flaonable  and 
combuatible  liquida  are  being  tranaferred,  and  aa  to  whether  the  smocka 
currently  being  used  afford  adequate  aplaah/apill  protection. 

9.  TECHNICAL  ASSISTANCE.  Aaaiatance  may  be  obtained  by  calling  USA 
Environmental  Hygiene  Agency,  Regional  Diviaion-Weat ,  AUTOVON,  943-8881  or  by 
writing  through  channela  to  Connander,  USA  Health  Servicea  Cotomand,  ATTN: 
HSPA-P,  Fort  Sam  Houaton,  Texaa  78234,  in  accordance  with  paragraph  1-5,  AR 
40-5. 


JOHN  DEZAN^^.  ^ 
Induatrial  Hygienist 
Environmental  Health 
Engineering  Branch 


ILT  JAMES  JAJ5ARA 
Environmental  Science  Officer 
Regional  Division  South 


APPROVED: 


STEVEN  J.  STONE,  P.E.,  CIH 
CPT,  MSC 

Chief,  Environmental  Health 
Engineering  Branch 
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ACCIH 

L 

HSA 

"8 

mph 

ND 

MOMA 

"8 

NKISH 

N02 

OStIA 

pph 

ppm 

SCRA 

Sl.pm 

RMA 

Tl.V 

(JDMH 

IJSAKHA 


APPRNDIX  B 
Abbreviatinna 

Aiaerican  Conference  of  Covernaental  Induatrial  Hygieniat 
Litera 

Mine  Safety  Appliance  Company 
milligrana 

ttitligrana  per  cubic  meter 
aiilea  per  hour 
not  detected 
N-Nitroaod  imethy  laaiine 
nan<>graM 

National  Inatitute  for  Occupational  Safety  and  Health 
Nitrogen  Dioxide 

Occiipat  iona I  Safety  and  Heat  K  Act  or  Adminiatrat  ion 
parta  per  hill  ion 
parta  per  mi  1 1  ion 

Self  Contained  Breathing  Air  Reapirator 
Standard  litera  per  minute 
Rocky  Mountain  Araeoal 

Threahold  Limit  Velue  eatahliahed  be  ACCIH 

t'naymmet  r  i  ca  I  Dimethylhydraaine  or  1,  1 -Oimethylhydraaine 

US  Army  Rnvi ronmental  Hygiene  Agency,  Aberdeen  Rroeing 
Ground,  Md 
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APPENDIX  C 

Paraonnal  Contactad 

COL  Wil llama,  Cdr  PMA 

Dr.  Throm,  Occupational  Health  Phyaician/  XNA  Health  Clinic 

Mr.  Uraitlo,  Chiaf/Plant  Operationa 

Hr.  Crabtree,  Plant  Engineer 

Mr.  Xim,  Safety  Engineer/RMA 

Mr.  Lynch,  Poreman/Hydraaine  Facility 

Mr.  Hartbarger,  Induatrial  Hygiene  Technician,  Fitzaiaona 
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APPENDIX  D 

FIGURE  13;  26  June  1980,  Sampler  locations  during  all  sampling  periods. 
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APPENDIX  E 

Tabulated  Sampling  Results 
(To  be  used  in  conjunction  with  sampling  locations 
found  in  Appendix  D) 


SAMPLE  FORMAT 


7th  Street  Fence 

Start  of  sampling  period 

Average  wind  - —  SW  4.5 

velocity  in  mph  ; 

0.12  —I - —  Hydrazine  concentration 

£E£ 

1,1  nioethylhydrazine  -  UDMH  0.43 
concentration  in  ppm  \ 

NDMA  0.35  '  -  N-Nitrosodiaethylamine 

'  concentration  in  ppb 


End  of  sampling  period 
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